The autoantigen(s) that we have previously described in human glomeruli, recognized in IgA nephropathy, has (have) been identified as mesangial cell in origin.
Introduction
Mesangial deposition of immune reactants with hypercellularity and matrix expansion is characteristic of the glomerular 1. Abbreviations used in this paper: HSN, Henoch-Schonlein nephritis; HSP, Henoch-Schonlein purpura; IgAN, IgA nephropathy; MESCA, anti-mesangial cell antibody. lesion of IgA nephropathy (IgAN) (1) . Berger and Hinglais (2) and Druet and his co-workers (3) described IgA-IgG mesangial nephropathy, with initial reports emphasizing co-deposition of both immunoglobulin isotypes. Persistent mesangial IgA deposition as the dominant or codominant immunoglobulin, with IgG deposition, remains the diagnostic criterion (4) in 14-100% (5-7), variable on repeat biopsy (8) . In contrast, IgM deposition is generally found in sclerotic glomeruli (9) , suggesting deposition may be a consequence of different mechanisms such as nonspecific trapping described in idiopathic focal segmental glomerulosclerosis (10) .
The histopathological features of Henoch-Schonlein nephritis (HSN) are strikingly similar to those of IgAN and the patterns of immune deposits within the mesangium show many similarities (11) . Henoch-Schonlein purpura (HSP) is distinguished by its characteristic accompanying rash due to a leukocytoclastic dermal vasculitis (12) . However, deposition of IgA within the dermal vasculature is also found in IgAN (13) . Furthermore, both are associated with synpharyngitic hematuria, transition between syndromes has been described (14) , and familial cases can occur (15) , implying shared pathogenic factors in these IgA-related nephropathies.
In both diseases, abnormal IgA regulation, impaired reticuloendothelial cell system phagocytic function, and elevated circulating, IgA-containing immune complexes have been found by a range of assays (16) . Consequently, it has been assumed that IgAN and HSN are mediated by glomerular deposition of IgA immune complexes. Despite an extensive search, no exogenous antigen, such as those derived from bacteria, viruses, or food has been identified consistently or reproducibly in sera of glomeruli, nor do levels or forms of IgA-containing circulating immune complexes correlate with either the clinical features of nephritis or prognosis (17) . Indeed, the nonphlogistic nature of IgA (18), occurrence of mesangial deposits of IgA alone in celiac disease (19) without evidence of nephritis or, in hepatobiliary disease, with only minor urinary abnormality, suggests that other mechanisms may be involved in glomerular injury in IgA-related nephropathies.
The difficulty in reproducing the disease characteristics in experimental models with IgA deposition alone has focused attention on the role of exogenous antigens, different classes of glomerular immune deposits (20) , and recently, cytokines. Related but distinct antigens that elicit the same degree of IgA deposits in experimental animals can be associated with marked differences in glomerular reactions owing to antigenmediated complement activation (21) . In humans, there is evidence for polyclonal B cell activation (16) (23, 24) . Clinicopathological observations also sup-port the concept that co-deposition of complement-fixing IgG may be critical for nephritogenesis. In HSN circulating IgGcontaining immune complexes are restricted to those with glomerular involvement (25) , and the presence of mesangial IgG deposits may be associated with more severe renal manifestations and glomerular scarring in IgAN (26) .
Autoimmunity to glomerular structures has been difficult to establish in IgA-related nephropathies, since patients also have species present in sera that bind to environmental and food-derived antigens. Other forms of autoimmunity have been recognized, as IgA rheumatoid factor activity, in patients with IgAN (27) . Enhanced immunoglobulin binding to nuclear proteins (28), endothelial cells (29) , and bovine laminin (30) 
Methods

Patients and controls
The study population consisted of 40 patients with primary IgAN (28 male, 12 female) with an age range of 19-56 yr (median 34) and 20 patients with HSN (12 male, 8 female) with an age range of 4-27 yr (median 14 yr). Sera from 40 blood donors were used as controls. Sera from 20 patients with other forms of glomerulonephritis were used as patient controls. Eight ofthese had IgM mesangial proliferative glomerulonephritis (five male, three female; median age 37 yr), eight membranous nephropathy (six male, two female; median age 44 yr), all chosen at random, and two each with known seropositivity in relevant autoimmune assays (anti-glomerular basement membrane, anti-neutrophil antibody), anti-glomerular basement membrane disease or Wegener's granulomatosis (two male, two female; median age 54 yr). Sera were separated from clotted blood and stored at -700C.
Longitudinal study and clinical correlates. 16 patients (10 IgAN and 6 HSP) were studied longitudinally for 3 mo to 4 yr during different phases of their disease. Clinical features and routine laboratory assessments (serum creatinine, 24-h urinary protein excretion, and urinary erythrocyte count) were correlated with anti-mesangial cell antibody (MESCA) levels (q.v.) in serum obtained stimulanteously.
Laboratory methods
Mesangial cell antigen preparation. Whole human glomeruli were isolated and mesangial cells were cultured as previously described (35) . Glomeruli were separated by standard sieving procedures from normal human kidney, from organs not used for transplantation or from partial nephrectomy specimens, not involving any form of renal tumor, with < 4 h of warm ischemia in all cases. These were suspended at a density of 1,000/ml in RPMI-1640 supplemented with 20% heat-inactivated fetal calf serum, 125 U/ml of penicillin, 125 gg/ml of streptomycin, and 2 mmol L-glutamine and cultured in plastic flasks coated with fibronectin. Epithelial cell outgrowth was evident between days 10 and 21 and the primary glomerular cultures were passaged between three and five times to obtain a pure mesangial preparation. This was characterized by spindle morphology and hillock formation: immunofluorescence characteristics showed the presence of actin F identified by phalloidin and desmin staining (Zymed Labs. Inc., S. San Francisco, CA) and the absence of factor VIII-related antigen (36) and PHM5 staining (Serotec Ltd., Oxford, UK) for endothelial or epithelial cells, respectively. The medium was removed, washed, and replaced with serum-free RPMI-1640 1 d before harvesting the cells for extraction. The cells were stripped from the flasks using 0.5 mmol EDTA with trypsin (0.5 g/100 ml) and gentle agitation, washed three times in serum-free phosphate-buffered saline (PBS), and resuspended in complete Hanks' medium at a concentration of 50 x 106/ml. Disruption was achieved by 10 1-min high-power ultrasound pulses at 40C and was confirmed by microscopy, followed by centrifugation at 50,000 rpm for 10 min, to remove cellular debris. The water-soluble portion was used as ligand.
Enzyme 100-Al aliquots were incubated in coated and uncoated wells in duplicate for 2 h at 37°C. Bound IgG antibody was detected with a murine monoclonal antibody directed against human IgG heavy chain (GG7, ICN immunobiologicals diluted 1 in 1,000 in PBS/Tween). Assays were performed in duplicate, and standards in triplicate, for IgA and IgM affinity. Sera were also diluted from 1 in 20 maximum concentration, and examined with affinity-purified goat anti-human IgA or IgM (Sigma Chemical Co., St. Louis, MO) diluted 1 in 500 in PBS/Tween, incubated for 4 h at room temperature followed by peroxidase-conjugated rabbit anti-mouse immunoglobulin, or anti-goat immunoglobulin at 1 in 500 in PBS/Tween for 2 h at room temperature. The assay was developed using amino-bis-ethyl-benzthiazoline sulphonic acid at 1 mM in 0.1 M citrate phosphate buffer at pH 5 with 0.1 mM hydrogen peroxide for 1 h at room temperature before reading spectrophotometrically at 420 nm using a multiscan plate reader. Each plate contained an equal number of samples from IgA-related nephropathy patients and controls. Sequential samples were tested in the same plate. Dilutions of a pool of known positive reference sera were incubated in each plate to maximum OD 1.5. Variations in antigenic content between different preparations of mesangial cell antigen were thus standardized. The upper limit of normal was taken as the mean plus 2 SD of the normal control group. Results are expressed as ELISA optical density under standardized conditions. Preparation of whole glomerular antigen. Whole glomeruli from more than one source ofhuman tissue were separated and disrupted by prolonged sonication at 4°C and ultracentrifuged, and the supernatant was dialyzed against PBS and antibody binding detected by the standard form of previously described ELISA (33) . F(ab')2 studies. The IgG fraction ofeight ELISA-positive sera (four IgAN, four HSP) and six normal controls was separated by ammonium sulfate precipitation, and F(ab')2 fragments were cleaved by papain digestion (37) and separated from the Fc fragments using a Sepharose column. The F(ab')2 preparations were concentrated to the starting volume using a concentrator (Amicon Corp., Beverly, MA) and were shown to be free of intact IgG and Fc fragments by ELISA with mouse monoclonal anti-human IgG (GG7) detected by peroxidase-conjugated rabbit anti-mouse immunoglobulin and developed as described. The F(ab')2 fragments were used at a dilution of 1 in 500 in PBS/Tween to detect specific mesangial antigen binding using the standard ELISA modified by substituting a mouse monoclonal antibody specific for regions of F(ab')2-CG6 for the GG7.
Immunoblotting. 10% sodium dodecyl sulfate (SDS) polyacrylamide gels were prepared and electrophoresed by standard methods using available molecular mass standards. After SDS-PAGE of25 A of the mesangial cell ligand, or alternatively, whole glomeruli (33) under denaturing and reducing conditions, transfer to nitrocellulose was made and the nitrocellulose strips were blocked with 1% Tween 20 in PBS for 1 h before overnight incubation with patient or control sera at 1 in 20 PBS/Tween at 4VC. Molecular mass standards for the range 26-200 kD (Pharmacia, Uppsala, Sweden) were used. IgG binding was detected using GG7 at 1 in 500 dilution in PBS/Tween for 4 h at room temperature followed by washing and incubation with peroxidase-conjugated rabbit anti-mouse immunoglobulin 1 in 500 in PBS/Tween for 2 h. The nitrocellulose strips were developed with 3,3-diaminobenzidine tetrahydrochloride dihydrate 1 mg/ml in PBS with H202 1 Al/lO ml, and the reaction was stopped by extensive washing with distilled water and drying.
Fast protein liquid chromatography (FPLC)-ELISA profiles. The mesangial cell extract was dialyzed against 20 mM Tris-HCl pH 7.7 and fractionated on a mono-Q column eluted with a 0-1 M sodium chloride gradient in Tris-HCI 20 mmol using a FPLC system (Pharmacia). Fractions were monitored for protein content by optical density at 280 nm and collected in 96-well microtiter plates incubated overnight at 4°C and assayed by ELISA with known positive sera as described above.
Direct immunofluorescence studies. IgG from ELISA-positive patients and normal controls was separated by ammonium sulfate precipitation and conjugated with biotin by the method ofGuesdan et al. (38) .
Biotinylated IgG at 10 Ag/ml was applied to human mesangial cells in culture and normal human kidney sections, which had been preincubated for 30 min with 1% gelatin, and incubated at 4°C for 30 min, washed with PBS, and developed by incubating with streptavidin-biotin complex conjugated to FITC (Pharmacia) and examined under fluorescence microscopy.
Statistical analysis
All results are expressed as mean±standard deviation. ANOVA and multiple inference statistics were used for comparison of anti-mesangial antigen antibody levels between groups and sequential data; incidences of positive results were compared by x2 tests. The relationship between antibody levels and clinical parameters was examined by Kendall's rank correlation.
Results
IgG-MESCA: anti-mesangial cell antibodies. The ELISA assay showed dependence on the preparation and source of the human mesangial cells: only preparations with standard positive sera, with normal control OD ratios > 5, were used for the standardized assay. Dilution curves of mesangial cell antigen showed no significant variation in the OD of serum binding between 1 
- cell ligand in ELISA compared to the normal control group (F = 9.12, P < 0.001, Fig. 1, top) . Three of the IgG-positive sera also showed weak affinity for IgA and IgM, greater than controls, which was apparent at dilutions up to 1 in 200, but neither IgA-related nephropathy group had statistically significantly raised binding of these isotypes to the mesangial cell ligand (for IgA disease: F = 0.36, P = 0.7, Fig. 1 , middle; F = 0.49, P = 0.6, Fig. 1, bottom) . In sera examined, total IgG remained within the normal range in all specimens, compared (Fig. 3) Fig. 4 .
Localization of antigen. Immunofluorescence studies
showed binding of IgG from ELISA-positive sera to approximately one third of all mesangial cells in culture in a uniform speckled membrane-associated pattern (Fig. 5 ) but no binding of ELISA-negative sera.
In thin sections of normal human kidney incubated with biotin-conjugated IgG from ELISA-positive sera from six patients, followed by incubation with streptavidin-biotin-FITC, the label was observed mainly in the peripheral mesangium and paramesangial regions (Fig. 6) .
Clinical disease associations. In the cross-sectional study urinary erythrocyte excretion and proteinuria but not serum creatinine correlated with the level ofIgG autoantibody (Table  I) . During the prospective follow-up study the episodes of nephritis were associated with high levels of circulating IgG autoantibodies compared to during periods of partial or cormDiscussion plete clinical remission (Fig. 7) lated nephropathies may be limited, in contrast to the wider range of species in sera with affinity for foreign antigens. The absence of IgG-MESCA in non-IgA-related forms of mesangial proliferative glomerulonephritis and other nephropathies defines a common autoimmune component in IgAN nephropathy and HSP and suggests that the pathogenesis of IgA-related nephropathies should be regarded as distinct within the spectrum of mesangial glomerulonephritis. The existence of IgG autoantibodies to mesangial cell components, in the absence of an IgA response in serum up to 1 in 20 concentration, detectable using only autoantigenic (reference 33 and this study), not potentially xenoantigenic, ligands, in these conditions is intriguing in the light of the wide spectrum of IgA system abnormalities (4) and the diagnostic hallmark ofmesangial IgA deposition in these nephritides( 1). How- ever, co-deposition of IgG within the mesangium is an associated feature in a large proportion ofcases (5) but its potential pathogenic role has been neglected (4). The observation that IgG deposition in serial biopsy studies is intermittent (1, 8) suggests its true prevalence is underestimated in routine clinical practice.
1.0f The functional effects of IgG-anti-mesangial cell autoantibodies in IgAN in vivo are unknown. Potentially, alteration of mesangial cell function, matrix synthesis may ensue, or they may be nephritogenic, by inducing mesangial injury. Their exclusive detection in IgA-related glomerulopathies suggests a marker of common autoimmune mechanisms leading to their production. In experimental immune complex nephritides, characterized by the accumulation ofgranular deposits in renal structures, immunoglobulin accretion may not only be the consequence of deposition of circulating immune complexes, but also of antigen-antibody complexes aggregated locally or formed in situ (39) . Although not established in disease in humans, these mechanisms are potentially active in vivo in IgArelated nephropathies, since IgG anti-mesangial cell antibodies might also act as planted antigens for serum IgA rheumatoid factor. The simultaneous detection of IgG-MESCA and IgA rheumatoid factor, products of polyclonal B cell activation, only during macroscopic hematuria (40) suggests that both these species contribute to glomerular injury and induction of nephritis by such a mechanism. IgG-MESCA may also serve as a focus for accretion of immune lattices by other mechanisms, for example by promoting glomerular deposition of soluble IgA-IgG aggregates containing the IgG autoantibody. Antimesangial cell antibodies bound directly to the mesangial regions of normal human kidney, supporting this mechanism in vivo. IgA rheumatoid factor has been found in patient sera (41) , but we have been unable to demonstrate the presence of IgA rheumatoid factor idiotypes in renal biopsies of patients using a rabbit antisera with specificity for rheumatoid factor idiotype (provided by A. Gharavi, Hospital for Special Surgery, New York; data not presented).
Accumulating evidence supports existence of a complement-mediated component in glomerular injury in IgA nephropathy (23) . IgG is an efficient activator of complement (42) plates by nonantigenic glomerular components, and resulted in higher sensitivity ofthe ligand ofmesangial cell origin. Identity ofthe autoantigen present in both ligand preparations was further supported by the Western blotting experiments. These showed reactivity of IgG from ELISA-positive IgAN and HSP sera with antigen carrying moieties of48 and 55 kD from both extracts. Competitive inhibition studies (data not shown) also demonstrated inhibition of IgG-MESCA activity (> 75%) by adsorption with ligand from whole glomeruli, and vice versa. FPLC-ELISA profiles, however, revealed at least five distinct molecular mass peaks with antigenic activity with variation in the affinity of serum IgG to mesangial antigenic components between patients. This heterogeneity in components ofantigen recognition in the nonreduced ligand suggests that more than one autoantigen is present on mesangial cells, and is of potential immunopathogenic significance in the wide cinicopathological spectrum associated with IgA-related glomerulonephritis (1, 5) . We are currently further examining the characteristics of these components.
In demonstrating IgG binding to normal human kidney, reactivity with a receptor for the Fc portion ofIgG has not been formally excluded in tissue. However, the absence of positive results using control sera strongly argues against such a mechanism. Localization of FITC-conjugated serum IgG, binding to the capillary loops and periphery of the mesangial stalk, confirms previous results (33) , and this site, the glomerular region preferentially associated with IgG deposits in renal biopsy studies (26) , suggests that the mesangial antigen may be concentrated, or exposed, at these sites in normal renal tissue. The IgG from ELISA-positive serum also bound to a proportion ofmesangial cells in culture in a uniform speckled membrane-associated pattern implying that the target antigen is a membrane component or closely associated with the membrane.
The variable presence of the autoantigen, detectable by ELISA, in different mesangial cell preparations suggests modulation of antigen expression at the cell membrane or synthesis of matrix constituents. The failure of antibody to bind to all mesangial cells also suggests this may be dependent upon growth phase or local cellular factors such as adhesion or cytokine production.
These data demonstrate that localization of the only autoantigen identified and present in whole normal glomeruli is expressed in the mesangial cell and show that circulating IgG isotype autoantibodies with affinity for antigen(s) expressed by human mesangial cells are present in the IgA-related nephropathies and HSP. Their detection during activity in both diseases supports a common autoimmune component in glomerular injury. The biochemical characterization and production of monoclonal antibodies against the mesangial antigen will allow further definition of its tissue-specific nature and examination of regulatory factors, providing insight into the nature ofautoimmunity in IgA disease.
